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The research fu ,ding for this grant has been used to support
Professors Mark J. Ablowitz and A.S. Fokas and their associates. The
P.I. has been working in this field for over twenty years, with the
central theme being the understanding of the nonlinear phenomena
arising in physical problems. The solution to a number of these
problems involves the Inverse Scattering Transform (I.S.T.). This is a
method which employs inverse scattering theory in order to linearize
the given nonlinear equation. I.S.T. has led to new developments in
both fields: inverse scattering and nonlinear wave equations. Listed
below are some of the problems studied and a short description of
results.

- Multidimensional Nonlinear Evolution Equations and
Inverse Scattering: There are a number of physically interesting
nonlinear wave equations for which the inverse scattering transform
provides a linearization.' Well known systems include the
Kadomtsev-Petviashvili, Davey-Stewartson and Self-Dual Yang-Mills
equations. The d-bar method of inverse scattering is an effective
tool to analyze the solutions to these problems. We have uncovered
an important feature of many of the multidimensional nonlinear
equations solvable by Inverse Scattering. Namely the fact that they
are nonlocal, allows a variety of possible boundary conditions that
can be imposed. Different boundary value problems require
different inverse scattering transforms for, the solution. The role of
boundary conditions are important in understanding why
exponentially decaying multidimensional soliton solutions exist for
some 3jf these systems (i.e. one version of the Davey-Stewartson
System). The d-bar method can be employed to analyze Inverse
problems in any number of dimensions.
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Semi-Infinite and Forced Nonlinear Equations,.
7-

Recent research has shown that moving pressure distributions at
critical velocities can induce a soliton radiation field under the
assumption of Long Waves. There is direct application of'these ideas
to ships moving in shallow canals at suitable veloc1ies. There has
been considerable experimental and numcrieai simulations of the
phenomena. Our analysis -as-showrf that there is a close relationship
between _nonlinear- luat ions with generalized (e.g. Dirac delta and
derivatives) function forcing and their counterparts on the semi-
infinite line. This opens up a real possibility that certain forced
nonlinear equations will be amongst those solved by the IST method.

. Numerically Induced Chaos) /i

We have been studying a class of non 'linear equations and their
discrete approximations. Our numerical simulations have shown that
associated with standard numerical schpfies of well known nonlinear
wave equations (the prototype is the,/nonlinear Schrodinger
equation) are solutions which e0hit a weak form of temporal chaos.
This chaos disappears if t j -esh is refined to a sufficiently fine
degree, but far more&lhin one would expect. Schemes which have
been developed -by the IST method do not exhibit such spurious
chaos. ISV '_iiemes are only second order accurate, but yet perform
far better' than do higher order accurate methods such as spectral
schemes (which are infinite order accurate!). Our analytical studies
show that proximity to homoclinic orbits in the underlying nonlinear
e4uation is the mechanism responsible for the observed chaos. This

surprising situation occurs for many of the well known nonlinear
wave equations in one dimension and is likely to occur in higher
dimensional problems as well. . .

Cellular Automata and Solitons , _

For
We have been studying a class of cellular automata (CA) which

admit a wide variety of coherent particle-like solutions. Computer d 0
scientists have shown that some of these CA arise in the study of 10

computation. In our analysis we have (a) shown that these particles
will interact solitonically under appropriate circumstances.
(b) Characterized a wide class of periodic particles and have shown on/_
that they satisfy a linear difference equation. (c) Generalized the CA Ity Codes

L and/or



to higher dimensions and have shown that particle like solutions can
be constructed and even interact solitonically under suitable
circumstances.

It is important to note that these systems are not reversible and
as such this is a significant difference between soliton CA and the
well known soliton theory in continuous and discrete media.
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